Tall fescue lawns can be fertilized during the summer months at modest N rates without affecting brown patch severity.
adequate shade and drought tolerance, ease of establishment, and relatively low fertility requirements. Throughout much of North Carolina, tall fescue is the only cool-season turfgrass recommended for landscape use. Despite the benefits of tall fescue, it is extremely susceptible to diseases such as brown patch (Rhizoctonia solani Kühn), Pythium blight (Pythium sp.), and gray leaf spot (Pyricularia grisea Sacc.) during hot, humid summers, which are common in North Carolina.
The turfgrass faculty at North Carolina State University conduct yearly education programs throughout the state for landscape managers and are frequently challenged regarding current recommendations for tall fescue management. In particular, they are most concerned with the recommendation of no nitrogen fertility between 15 March and 1 September (North Carolina State Extension, 2000) . This recommendation is based on research demonstrating increased brown patch severity with increasing nitrogen rate (Burpee, 1995) . Specifically, Burpee (1995) observed a significant increase in brown patch severity in tall fescue plots in Georgia treated with 1 lb N 1000 ft -2 month -1 when compared with plots treated with 0.5 lb N 1000 ft -2 month -1 . A more recent study in Virginia determined that brown patch was most severe in tall fescue plots maintained at a height of 2.5 inches and treated with 4.5 lb N 1000 ft -2 year -1 (Cutulle et al., 2014) . These studies support a recommendation of limited nitrogen use in tall fescue landscapes during the summer months. Two of the largest lawn care companies in central North Carolina apply low rates of liquid nitrogen in conjunction with fungicides through the summer months without sacrificing exceptional brown patch management. Research conducted at North Carolina State University (Tredway et al., 2005) supports combining low rates of nitrogen with fungicide applications for brown patch management. Since current nitrogen fertility recommendations for tall fescue are dated and the influence of nitrogen fertility on brown patch severity is limited, a study focused on the impacts of nitrogen rate and timing on brown patch severity was warranted.
Other common issues raised by landscape managers are the effects of application method and post-application irrigation or rainfall on fungicide efficacy for brown patch. These are excellent questions since most of the research conducted on these topics has been on dollar spot (Clarireedia sp.) in golf course turf. A study conducted in Kentucky on a creeping bentgrass fairway showed no difference in dollar spot control when comparing spray volumes of 1 gal vs. 2 gal water -1 1000 ft -2 (Vincelli et al., 2004) . Further support of this research was shown in Maryland on another creeping bentgrass fairway with no difference observed between a carrier volume of 1.15 gal vs. 2.5 gal water -1 1000 ft -2 on dollar spot control (McDonald et al., 2006) . Kennelly and Wolf (2009) demonstrated no differences in dollar spot control when chlorothalonil was applied in 0.5, 1, or 2 gal water -1 1000 ft -2 carrier volume. Similar research has not been conducted for brown patch management in tall fescue. Lawn care operators typically use a spray gun that delivers fungicides in a carrier volume of 3 gal water -1 1000 ft -2 . It is not known if application methods that deliver fungicides in high carrier volumes (3 gal 1000 ft -2 ) affect brown patch management in tall fescue. If lower carrier volumes prove effective, this would save operational costs for fungicide applications.
The average annual rainfall in Raleigh, NC is 46.58 inches with 36% occurring from May through August (US Climate Data, 2019), which coincides with brown patch development and management. The effect of post-application irrigation or rainfall on fungicide efficacy in brown patch is unknown. Previous studies examining the influence of simulated rainfall on fungicide performance in dollar spot management in creeping bentgrass indicated a diminished long-term dollar spot control, yet none of the treatments were totally ineffective (Pigati et al., 2010; Inguagiato and Miele, 2016) . Highly effective dollar spot products such as fluazinam did not lose efficacy due to simulated rainfall (Inguagiato and Miele, 2016) . The influence of simulated rainfall on QoI fungicides, an extremely efficacious and widely used fungicide mode of action for brown patch, is not clear.
To address the influence of nitrogen rate and timing, fungicide application methods, and simulated rainfall immediately after fungicide application on brown patch severity, three separate studies were conducted over a 2-year period. The objective of the nitrogen study was to determine the influence of nitrogen rate and timing on brown patch development in tall fescue. The objective of the application method study was to evaluate the effect of three different fungicide application methods for brown patch management. The objective of the post-application rainfall study was to examine the influence of simulated rainfall on the performance of QoI fungicides on brown patch severity. 
Research Site Management
During 2015 and 2016, a 2-year study was conducted on an 11-year old 'Coronado' tall fescue sward at the Lake Wheeler Turfgrass Field Laboratory in Raleigh, NC. The soil type is a Cecil sandy loam with a pH of 6.4 and was managed similar to a commercial landscape. A rotary mower was used three times weekly in the afternoon at a height of 3.5 inches. During the growing season, irrigation was applied up to three times weekly (0.25 inches/application) as needed to prevent drought stress. Granular fertilizer (25-5-12) was applied annually in the spring at 1.5 lb N 1000 ft -2 to study areas except for nitrogen studies. The nitrogen studies did not receive supplemental N during the duration of the 2-year study. No additional inputs or cultivation were conducted in these experimental areas.
Influence of Nitrogen Rate and Timing Experimental Design
Studies were arranged as a randomized complete block design with four replications. In both years, treatments were applied to the same plots (5 ft × 6 ft) without new randomization to ensure there were no carry-over effects of nitrogen on brown patch severity. All plots in both studies were infested with R. solani (AG 1-IA) on 18 May 2015 and 24 May 2016. Inoculum was grown on sterilized rye grain and 10 cu cm was placed at two points within each plot near the soil surface. Fungicides were withheld during the duration of both studies. Treatments for nitrogen rate and timing studies are presented in Table 1 . Urea (46-0-0) was solubilized in a carrier volume of 88 gal water acre -1 and applied using a C0 2 -powered backpack sprayer equipped with TeeJet DG8004 nozzles at 40 psi. To minimize foliar burn, all treatments were immediately irrigated with 0.1 inches after application. For the rate study, N was applied at 1 lb N 1000 ft -2 at each date (Table 1) . For the timing study, all plots annually received 3 lb N 1000 ft -2 divided equally across various timings (Table 1) Plots in both studies were monitored five times weekly from May to November for brown patch symptoms and changes in turf quality. Turf quality was visually assessed every 2 weeks from May to November using a 1-9 scale where 1 = dead, 6 = acceptable, and 9 = best. Brown patch severity was visually assessed every 2 weeks from June to October as a percent area (0-100) of the plot affected. Data were transformed to area under turf quality curve (AUTQC) and area under disease progress curve (AUDPC) values for turf quality and brown patch severity, respectively. Data were subjected to analysis of variance using the GLIMMIX procedure in SAS 9.4 (SAS Institute, Cary, NC). Means separation was assessed using least square means.
Fungicide Application Method Experimental Design
The study was arranged as a randomized complete block design with four replications. In both years, treatments were applied to plots (10 ft × 10 ft) and were re-randomized each year. All plots were infested with R. solani on 18 May 2015 and 24 May 2016. Inoculum was grown on sterilized rye grain, and 10 cu cm was placed at three points within each plot near the soil surface. Treatments consisted of the following application methods; CO 2 -powered backpack sprayer at 88 gal water acre -1 carrier volume, PermaGreen Triumph spreader/sprayer (PermaGreen Supreme Inc., Valparaiso, IN) equipped with two Spraying Systems Turbo Floodjet nozzles at 11 gal water acre -1 carrier volume, and LESCO Trugreen (SiteOne, Roswell, GA) spray gun at 130 gal water acre -1 carrier volume. All application methods applied 17 oz acre -1 of Heritage WG (50% azoxystrobin) 21 May, 17 June, and 16 July in 2015 and 18 May, 16 June, and 14 July in 2016. The CO 2 method was applied as described above. For the PermaGreen method, a single pass was made in each plot in low gear at approximately 3.5 mph. For the LESCO method, the same experienced applicator from Eastern Turf Maintenance (Garner, NC) applied the fungicide using the company's standard method and equipment for lawn care applications. The applicator made one pass through each plot with a sweeping, uniform side-to-side motion.
Plots were monitored daily from May to August for brown patch symptoms and changes in turf quality. Turf quality and brown patch severity were visually assessed as described above on 16 June, 7 July, 14 July, and 10 August in 2015 and on 14 June and 12 July in 2016. Data were transformed to AUTQC and AUDPC values for turf quality and brown patch severity, respectively, in 2015 only. Data was subjected to analysis of variance using the GLIMMIX procedure in SAS 9.4 (SAS Institute, Cary, NC). Means separation was assessed using least square means.
Simulated Rainfall Experimental Design
The study was arranged as a randomized complete block design with four replications. In both years, treatments were applied to plots (5 ft × 6 ft) and were re-randomized Plots were monitored daily from May to August for brown patch symptoms and changes in turf quality. Turf quality and brown patch severity were visually assessed every 2 weeks from May to August using the methods described above. Data were transformed to AUTQC and AUDPC values for turf quality and brown patch severity, respectively. For turf quality and brown patch severity, four rating dates were used to calculate AUTQC and AUDPC values. Data were subjected to analysis of variance using the GLIMMIX procedure in SAS 9.4 (SAS Institute, Cary, NC). Means separation was assessed using least square means.
Influence of Nitrogen Rate and Timing on Brown Patch Severity
Brown patch symptoms were observed during both years in both studies in mid-June and persisted through mid to late August. For the N rate study, disease severity was greatest on 3 Aug. 2015 and 15 Aug. 2016 with disease severity peaking at 31% and 49%, respectively. For the N timing study, disease severity was greatest on 3 Aug. 2015 (26%) and 6 July 2016 (33%). Within both studies, brown patch was uniformly distributed in both years. Although disease severity was uniform, differences in disease progress between years required that years be analyzed separately. In 2015, differences in brown patch severity among N rates were not detected (Table  2 ). In 2016, brown patch severity in the highest N rate (6 lb N 1000 ft -2 ) was significantly greater than the non-treated control and 1, 2, and 3 lb N 1000 ft -2 (Table 2 ). In both years of the N rate study, no differences were detected in turfgrass quality (Table 2 ). No differences in brown patch severity or turfgrass quality were observed with N timings in both years ( Table 3) .
Influence of Fungicide Application Method on Brown Patch Severity
Brown patch symptoms were observed during both years in mid-June and persisted through mid-to late August. Disease severity was greatest on 7 July 2015 and 12 July 2016 with disease severity peaking at 41 and 48%, respectively. Although disease severity was fairly uniform, differences in disease progress required years to be analyzed separately. Despite extreme disease pressure, all methods provided exceptional suppression of brown patch in both years, and there were no differences among the methods (Table 4 ). All methods provided acceptable turfgrass quality in both years when compared with the non-treated control ( Table 4 ).
Influence of Post-Application Irrigation on Fungicide Efficacy
Brown patch symptoms were observed during both years in mid-June and persisted through mid-to late August. Disease severity was greatest on 14 July 2015 and 12 July 2016 with disease severity peaking at 14 and 18%, respectively. Although disease severity was fairly uniform, differences in disease progress required years to be analyzed separately. All fungicide treatments suppressed brown patch when compared to the non-treated control in both years ( Fig. 1A and B ). There were no differences in disease severity among treatments in both years. Turf quality in fungicide treatments was significantly better than the non-treated control in 2015 (Fig. 1C) . Insignia, Heritage (17.4 oz acre -1 ), and Heritage G were the only treatments with significantly better turf quality than the non-treated control in 2016 (Fig. 1D ). -18 Sept. 2015 and 22 Apr.-15 Aug. 2016 . § Turf quality was evaluated using a 1 to 9 scale (9 = best, 6 = acceptable) based on color, density, and uniformity. # Means within columns followed by the same letter are not significantly different according to Fisher's protected LSD test (P = 0.05). 
Conclusions
Over a 2-year period, nitrogen rates ≤ 5 lb N 1000 ft -2 year -1 did not increase brown patch severity. The current recommendation for tall fescue in North Carolina is 3-4 lb N 1000 ft -2 year -1 (North Carolina State Extension, 2000) , which in our study, did not result in an increase brown patch severity. Increasing N rate to 5 lb 1000 ft -2 year -1 also did not increase brown patch severity, yet N rates as high as 5-6 lb 1000 ft -2 year -1 are likely not practical. Applications of N during the summer months did not influence brown patch severity in this study. Supplemental N fertility outside of the current recommendation will not promote brown patch as long as the total N per year does not reach or exceed 6 lb. The influence of supplemental N during the summer months on turfgrass quality in conjunction with a fungicide program remains unclear. It is likely that a 6-mo gap in N applications as per the current recommendation is insufficient for optimal tall fescue health. Light and frequent N applications during the summer months are commonplace for other cool-season turfgrasses in golf course and athletic field management because these grasses need fertility to help mitigate the stresses often incurred during this time frame for recovery and survival (Ryan et al., 2011) .
Application method with azoxystrobin did not influence brown patch suppression. As long as lawn care operators use a highly efficacious product such as azoxystrobin, the application method will not alter brown patch control. The control observed with the ride-on spreader/sprayer that deployed azoxystrobin in a carrier volume of only 0.25 gal water 1000 ft -2 was excellent and unexpected. This illustrates the importance of proper fungicide selection rather than application method when managing brown patch in tall fescue. To be clear, the results with the spreader/sprayer unit in this study cannot be translated to other fungicides or diseases. Further studies are required before this type of application method can be recommended for general tall fescue management. The low carrier volumes did not reduce brown patch suppression. A lower application volume could potentially help lawn care operators expand the number of clients visited during a day.
Simulated rainfall up to 0.5 inches within 15 min of fungicide application did not alter the performance of products tested in this study. All products tested were QoI fungicides but varied in topical mode of action or formulation. Insignia, a localized penetrant, performed as well as Heritage and Fame-both are acropetal penetrants. This was unexpected as we hypothesized that the performance of a localized penetrant like Insignia would be hindered with simulated rainfall, yet this was not observed. Studies with dollar spot demonstrated a loss of efficacy after simulated rainfall with iprodione, a localized penetrant (Inguagiato and Miele 2016) . The difference between these studies could be the inherent activity of Insignia against brown patch and iprodione for dollar spot. Rainfall events shortly after fungicide application should not comprise control; however control may be lost during events such as severe thunderstorms, hurricanes, etc. Studies simulating rainfall at 1 inch or higher were not feasible at our research station due to pump output limitations.
This work demonstrates that tall fescue lawns can be fertilized during the summer months at modest N rates without affecting brown patch severity. When an appropriate fungicide such as Heritage was used for brown patch management, the method of fungicide delivery did not affect brown patch suppression. Simulated rainfall up to 0.5 inches within 15 min of fungicide application did not compromise fungicide efficacy. These results will allow lawn care operators to be more efficient with brown patch management in tall fescue since fungicide reapplications following ≤ 0.5 inches rain will not be required.
